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I . INTRODUCTION 

(C)  During  the  LRAPP  sponsored  exercise,  CHURCH  OPAL,  an  ACODAC  system, 

was  deployed  to  record  ambient  noise  levels  in  the  water  column  between 

near  critical  depth  and  the  ocean  bottom.^"  In  addition  to  the  background 

ambient  noise,  recordings  were  made  of  the  signatures  of  several  merchant 

ships,  which  passed  within  a few  nautical  miles  of  the  ACODAC  hydrophones. 

As  a result  of  low  ambient  noise  levels  near  the  ocean  bottom,  these  ship 

signatures  at  closest  point  of  approach  (CPA)  dominated  the  entire 

frequency  spectrum  over  the  band  10  to  500  Hz.  Four  of  these  merchant 

ships  were  selected  for  detailed  analysis;  all  four  were  typical  in  that 

all  were  approximately  14-7  m (500  ft)  in  length  and  were  traveling  at 

speeds  of  advance  (SO A)  near  7.7  m/sec  (15  kt).  These  values  are 

comparable  to  the  parameters  for  a standard  merchant  ship  established  by 
2 

Ross  and  Alvarez . 

(U)  This  paper  presents  the  characteristics  of  these  signatures  in  the 

form  of  l/lO  octave  band  time  series  and  high  resolution  (0.14-6  Hz) 
spectral  plots . The  second  section  discusses  general  observations  of 
the  data,  Including  the  measurement  procedures . The  third  and  fourth 
sections  present  estimates  of  source  level  and  error  analyses  based  on 
measurement  system  accuracy,  source  range,  and  propagation  loss  (FL). 

The  details  of  the  range  estimate  at  CPA  and  the  PL  algorithm  are 
presented  in  separate  appendices.  Four  appendices  (A,  B,  C,  and  D) 
summarize  detailed  looks  at  the  four  ship  signatures  before,  during, 
and  after  CPA. 
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(U)  Three  important  points  are  made  in  this  paper. 

(c)  (l)  As  a result  of  "mode  stripping"  and  bathymetric  shielding 

at  the  CHURCH  OPAL  site,  the  background  noise  field  due  to  distant 
shipping  diminishes  20  dB  in  level  from  near  critical  depth  to  near 
ocean  bottom.  This  allows  for  the  observation  of  broadband,  high 
signal- to-noise  ratio  (S/N)  (20  to  30  dB)  measurements  on  ship  generated 
sound  fields  that  approach  to  within  ranges  of  20  miles. 

(c)  (2)  The  ship  radiated  sound  field  is  clearly  asymmetric;  more 

energy  is  radiated  astern  than  is  radiated  forward. 

(C)  (3)  The  estimated  source  levels,  at  25  Hz,  for  the  four  ships 

analyzed  in  this  paper,  are  on  the  average  10  dB  higher  in  level  than 

2 

the  data  presented  by  Ross  and  Alvarez  and  data  presented  in  a more 
recent  NAV0CEAN0"*  report. 
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II.  GENERAL  CHARACTERISTICS  OF  THE  DATA 
A.  Measurement  and  Analysis  Techniques 

The  CHURCH  OPAL  measurements  analyzed,  in  this  paper  were  made  in 
September  1975  in  deep  Pacific  water  at  a location  of  27°40.73'N  and 
157°55.00'W.  The  ACODAC  was  configured  with  a vertical  string  of 
15  hydrophones  extending  from  above  critical  depth  to  approximately  30  m 
from  the  bottom.  The  data  reduction  for  the  purpose  of  this  report  used 
four  of  the  hydrophones,  which  ranged  from  near  critical  depth  to 
near  bottom,  as  shown  in  Table  I . 

Events  which  occurred  during  the  measurement  period  have  been 
correlated  with  ship  traffic  near  the  ACODAC  site.  This  was  possible 
due  to  the  ship  trading  information  which  was  supplied  in  the  form  of 
ship's  reports  by  Fleet  Numerical  Weather  Central1^  (FNWC).  Each  ship 
track  is  identified,  in  this  document,  by  the  ship's  radio  call  sign. 

g 

There  are  two  primary  components  of  surface  ship  generated  noise 
and  each  must  be  considered  in  the  characterization  of  an  event.  The 
first  is  a wideband  component  related  to  the  ship's  propeller  cavitation. 
This  continuous  spectrum  is  presented  using  time  series  plots  of  sound 
pressure  level  for  selected  l/lO  octave  frequency  bands . Examples 
of  these  plots  are  shown  in  Fig.  1,  Each  plot  covers  a time  period  for 
7 h;  each  tick  mark  on  the  horizontal  scale  represents  1 h.  The  r.v,o 
numbers  listed,  to  the  left  of  each  band  are  the  l/lO  octave  hand  center 
frequency  and  its  sound  pressure  level  at  the  initial  time  of  the  plot. 

The  second  primary  spectral  component  of  surface  ship  generated  noise 
is  a collection  of  narrowband  lines  which  can  be  the  result  of  several 
mechanisms . The  most  pronounced  lines  are  at  the  propeller  blade  rate 
and  its  associated  harmonics,  which  result  from  the  modulation  of  the 

5 
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(U)  TABLE  I 

ACODAC  HYDROPHONE  LOCATION  RELATIVE  TO  CRITICAL  DEPTH  AND  BOTTOM 


Water  Depth 
(m) 

Distance  from 
(m) 

Hydrophone  02 

3459 

1420 

Critical  Depth 

4089 

790 

Hydrophone  07 

4459 

420 

Hydrophone  09 

4681 

200 

Hydrophone  13 

4853 

30 

Bottom 

4883 

— 

4 
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(u)  cavitation  bubble  field  by  inflow  to  the  moving  propeller.^  Additional 
mechanisms  which  contribute  narrowband  lines  at  primary  and  harmonic 
frequencies  are  the  propeller  shaft  rotation,  main  propulsion  diesel 
firing  or  turbine  rotation,  and  other  machinery  on  board  the  ship. 

These  narrowband  components  have  been  analyzed  using  narrowband  spectral 
plots  for  each  event  over  the  frequency  range  of  10  to  500  Hz.  Since 
the  narrowband  spectra  are  generally  unique  for  each  event  they  have  been 
termed  ship  signatures.  Examples  of  these  signatures  are  shown  in  Figs.  8 
and  5 for  events  3EVR  and  JEEO,  respectively.  In  each  case,  the  resolu- 
tion was  chosen  to  be  0.146  Hz  with  an  integration  time  of  10  min.  The 
integration  time  was  sufficiently  short  so  that  no  significant  changes 
in  the  character  of  the  sound  generator  occurred  during  the  integration 
period.  The  vertical  scale  on  each  of  these  plots  is  calibrated  in 
dB  re  1 vPa/Hz1/2. 

B,  Depth  Effect 

(C)  As  stated  in  the  introduction,  high  S/N  Bhip  signatures  obtained 
from  the  CHURCH  OPAL  exercise  were  partially  due  to  a decrease  in  the 
distant  shipping  noise  l^vel  as  a function  of  depth  in  the  water  column 
due  to  mode  stripping.  The  two  events  shown  in  Fig.  1 are  due  to  ships 
which  have  been  identified  as  3EVR  (GREAT  SUCCESS)  and  JEEO 
(KAHESHIZU  MARU) . GREAT  SUCCESS  was  an  Armenian  general  cargo  carrier 
with  8400  brake  horsepower  (bhp)  and  KANESHIZU  MARU  was  a Japanese  bulk 
carrier  with  9400  bhp.  Two  time,  series  plots  (including  CPA)  for  each 
event  are  presented  in  Fig.  1.  Each  ship  was  traveling  at  a speed  of 
advance  near  15  kt;  thus  the  time  scale  corresponds  to  about  15  nm  per 
tick  mark.  The  wind  speed  during  the  transit  of  3EVR  was  near  15  kt  and 
was  almost  10  kt  during  the  transit  of  JEEO.  One  Immediate  observation 
Is  that  wind  generated  noise  was  masking  part  of  the  high  frequency 
spectrum  of  y&TR,  even  at  CPA.  When  these  spectra  are  viewed  as  a 
function  of  depth  in  the  water  column,  it  is  obvious  that  the  background 
noise  due  to  distant  shipping  is  much  lower  on  the  near  bottom  hydrophone. 
When  the  radiated  sound  field  from  the  event  dominated  the  spectra,  the 

6 
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S/N  on  the  deeper  hydrophones  was  much  higher.  This  behavior  was  first 
clearly  documented  In  1976  in  a report  by  Wittenborn^  and  was  termed 
depth  effect.  In  the  earlier  report  "distant"  is  defined  to  be  in 
excess  of  150  nm  from  the  receiver  so  that  no  single  sound  source 
dominates  the  spectra. 

An  example  of  depth  effect  from  event  3EVR  can  be  observed  in 
Fig.  1,  This  figure  shows  the  44  Hz  band  on  hydrophone  02  with  a 
background  noise  level  near  7 6 dB/ /p.Pa/Hz'1'^  whereas  the  background  noise 
level  on  hydrophone  13  is  near  59  13/ /uPa/Hz"^ . At  CPA,  3EVR  is  causing 
a level  near  80  dB  on  both  hydrophones;  this  yields  an  S/N  of  6 dB  on 
hydrophone  02  and  an  S/N  of  20  dB  on  hydrophone  13,  the  near  bottom 
hydrophone.  For  event  JEEO,  also  shown  in  Fig,  1,  a background  level  of 
74  dB/ /uPa/Hz'1'^  is  indicated  for  the  44  Hz  band  on  hydrophone  02  and 
53  dB/ /uPa/Hz1/2  is  indicated  on  hydrophone  13 . At  CPA,  both  hydrophones 
indicate  a level  near  102  dB;  this  yields  an  S/N  of  28  dB  on  Hydrophone 
02  and  an  S/N  of  44  dB  on  hydrophone  13 . 

C.  Aspect  Dependence 

As  stated  in  the  previous  section,  the  continuous  cavitation 
spectrum  of  a passing  ship  can  be  analyzed  using  the  time  series  plots 
of  l/lO  octave  frequency  bands.  In  addition  to  the  depth  effect,  a 
second  observation  which  can  be  made  from  Fig.  1 is  that  most  of  the 
l/lO  octave  bands  below  200  Hz  are  asymmetric  with  respect  to  the 
ship's  CPA.  This  frequency  dependent  asymmetry  indicates  that  more  low 
frequency  energy  is  being  radiated  astern  than  is  being  radiated  forward. 
This  is  in  general  agreement  with  previous  studies'*  which  have  shown  a 
definite  null  at  a ship's  bow  due  to  hull  radiation  patterns. 

For  event  JEEO  in  Fig,  1,  the  aspect  angle  from  ACODAC  to  ship 
was  near  0°  before  CPA  and  near  l80°  after  CPA  because  the  ship  passed 
directly  over  the  hydrophone  string.  However,  for  events  with  greater 
CPA  ranges,  such  as  event  PIRN  described  in  Appendix  C,  the  aspect  angle 
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(C)  never  approaches  0°  at  close  range  and  the  asymmetry  Is  still  present 
in  the  continuous  spectral  plots,  particularly  at  the  lower  frequencies. 
This  indicates  that  hull  radiation  patterns  are  not  entirely  responsible 
for  the  sound  field  asymmetry.  Other  mechanisms,  such  as  the  distributed 
sound  from  wake  noise,  may  be  an  equally  important  factor.  The  effects 
of  this  asymmetry  will  be  noted  later  in  this  section  in  the  discussion 
of  ship  signatures, 

D.  Bottom  Interference 

(C)  Again  based  on  Fig.  1,  a third  observation  can  be  made  in  addition 

to  depth  effect  and  sound  field  asymmetry.  A definite  change  in  the 
character  of  the  time  series  plots  on  the  near  bottom  hydrophone  is 
observable.  For  event  3EVR,  this  figure  shows  the  102  Hz  l/lO  octave 
frequency  band  sound  pressure  level  on  hydrophone  02  to  be  increasing 
smoothly  before  CPA  and  decreasing  smoothly  after  CPA,  although  asymmetry 
is  apparent.  However,  following  the  same  102  Hz  band  for  hydrophone  13, 
the  received  sound  pressure  level  exhibits  anomalous  behavior  in  the 
vicinity  of  CPA.  Similar  behavior  is  also  apparent  for  event  JEEO  and  is 
most  clearly  noticed  in  the  l4.8  Hz  band.  As  presented  in  the  appendices, 
it  Is  clear  that  this  near- bottom  interference  behavior  occurred  for  each 
documented  event. 

E.  Ship  Signatures 

(U)  As  stated  previously,  the  second  primary  component  of  surface  ship 

generated  noise  consists  of  narrowband  spectral  lines  at  specific 
machinery  rotation  rateB  and  their  associated  liarmonics.  The  CHURCH  OPAL 
data  are  thus  also  analyzed  in  this  report  using  narrowband  spectral 
plots  in  the  frequency  range  of  10  to  500  Hz.  The  narrowband  spectra 
plotted  in  Figs.  2 and  3 represent  a CPA  sequence  for  two  separate  events. 
Figure  2 presents  data  for  event  3EVR  for  hydrophones  02  and  13. 

Figure  3 presents  data  for  event  JEEO  for  the  same  two  hydrophones . 

Three  plots  are  presented  for  each  hydrophone  in  a 2 h sequence, 
beginning  with  a time  slice  1 h before  CPA,  followed  by  a slice  at  CPA, 
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(U)  and  concluded  by  a time  slice  1 h after  CPA.  Each  plot  is  a 10  min 
spectral  average  with  the  beginning  time  shown  at  the  bottom  of  each 
plot.  The  frequency  resolution  in  each  case  is  0.146  Hz. 

(U)  The  main  feature  of  each  of  these  sequences  is  the  dramatic 

increase  in  signal  level  which  occurs  at  CPA  and  is  best  observed  for 
frequencies  between  60  to  200  Hz.  This  effect  seems  to  be  independent 
of  receiver  depth  but  is  highly  range  dependent.  Examination  of  the 
signatures  of  other  events  indicates  a similar  behavior  at  CPA. 

(c)  Additional  evidence  of  depth  effect  is  again  apparent  in  the 
signatures  of  these  events.  The  broadband  noise  level  is  generally 
lower  on  the  deep  hydrophone.  The  nominal  24  Hz  line  for  event  3EVR 
exhibits  an  approximate  6 dB  S/N  improvement  from  hydrophone  02  to 
hydrophone  13.  However,  the  higher  frequency  portion  of  the  3EVR 
spectrum  is  being  masked  by  wind  noise  even  on  the  deep  hydrophone.  As 
noted  previously,  the  wind  speed  during  the  passage  of  3EVR  was  approach- 
ing 15  kt  which  represents  the  transition  into  a region  where  locally 

1 5 

generated  wind  noise  is  dominating  throughout  the  water  column.  ’ 

This  contrasts  with  the  passage  of  JEE0  where  wind  speed  was  below 
10  kt  and  depth  effect  was  evident  at  all  frequencies.  If  the  nominal 
26.5  Hz  line  for  event  JEE0  is  considered,  an  approximate  5 dB  S/N 
improvement  is  evident  between  the  signature  from  hydrophone  02  and  the 
signature  from  hydrophone  13 . 

(c)  A detailed  examination  of  the  signatures  presented  in  Pigs.  2 and 
3,  and  again  in  the  appropriate  appendix,  indicates  additional  evidence 
of  the  radiated  sound  field  asymmetry  discussed  previously.  In  Fig.  3> 
for  event  JEE0,  the  broadband  noise  level  for  hydrophone  13  appears  to 
be  about  5 dB  higher  1 h after  CPA  versus  1 h before  CPA.  The  nominal 
26.5  Hz  line  for  the  same  sequence  appears  with  an  S/N  of  20  dB  both 
1 h before  CPA  and  at  CPA  but  the  same  line  appears  with  only  15  dB 
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(c)  S/N  after  CPA.  A small  Doppler  shift  from  higher  to  lower  frequency 
for  this  line  from  before  CPA  to  after  CPA  is  also  evident. 

(c)  One  additional  observation  which  is  important  in  reducing  the 

available  data  is  that  the  character  of  the  local  ship  signatures  shows 
no  distinct  qualitative  dependence  on  either  depth  or  range.  Although 
S/N  may  change  as  a result  of  depth  effect  and  asymmetric  sound  field 
generation  and  Doppler  shift  may  slightly  shift  the  major  spectral 
components,  the  quintessence  of  the  signatures  is  unchanged.  This  is 
an  observation  which  may  greatly  reduce  the  quantity  of  data  which  must 
be  analyzed.  It  may  thus  permit  propagation  modeling  to  yield  accurate 
source  level  and  source  characteristic  information. 

(C)  In  summary,  the  following  observations  apply  to  the  ship  signatures 

presented  in  this  paper. 

(1)  The  absolute  SPL  increases  at  CPA  and  is  most  visible  in  the 
frequency  range  of  60  to  200  Hz. 

(2)  The  radiated  sound  field  asymmetry  results  in  increased  S/N 
after  CPA. 

(j>)  Depth  effect  clearly  discriminates  against  distantly  generated 
noise  on  the  deep  hydrophones. 

(4)  Depth  effect  is  masked  when  locally  generated  wind  noise 
dominates  the  spectra  as  wind  speed  exceeds  15  kt. 

(5)  Doppler  shift  is  evident  for  all  local  ship  signatures. 

(6)  The  character  of  the  signatures  is  essentially  independent  of 
both  depth  and  range,  except  for  tho  previously  noted  effects. 
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III.  ESTIMATION  OF  SOURCE  SOUND  PRESSURE  LEVELS 


A.  Source  Level  Computation 

Section  II  of  this  paper  outlined  the  data  reduction  techniques 

required  to  present  the  CHURCH  OPAL  data  from  four  events  in  a form 

suitable  for  signature  analysis.  This  section  outlines  a method 

used  to  make  a preliminary  estimate  of  source  sound  pressure  levels 

from  the  four  events  based  on  a theoretical  propagation  loss  calculated 

at  25  Hz.  The  sources  of  possible  errors  in  this  method  are  enumerated 

at  the  end  of  this  section  along  with  an  estimate  of  the  magnitudes  of 

each  possible  error.  Section  IV  presents  the  results  of  the  source 

spectrum  levels  using  the  methods  discussed  in  this  section;  the  results 

are  quantitatively  compared  to  the  results  obtained  by  Wittenborn^  and 
2 

Ross  and  Alvarez. 


A 3-step  procedure  is  used  to  estimate  source  spectra.  The  first 
step  is  to  obtain  valid  received  narrowband  spectra,  as  outlined  in 
section  II.  The  second  step  is  to  obtain  a suitable  theoretical  trans- 
mission loss  curve  as  a function  of  range  from  the  source.  The  third 
step  is  to  correlate  the  received  narrowband  spectra  to  a specific 
source- to- receiver  geometry  so  that  the  transmission  loss  curve  can  be 
used  to  predict  source  sound  pressure  levels. 


To  develop  a suitable  and  concise  method  of  generating  a theoretical 
transmission  loss  curve  for  step  2,  an  acoustic  normal  mode  model  was 
chosen.  In  the  bottom  interaction  project  at  AHL:UT,  one  of  the 
tasks  required  developing  a low  frequency,  deep  water,  normal  mode 
model.  The  model,  described  in  Appendix  E,  incorporates  a detailed  sub- 
surface composition  description  and  an  arbitrary  sound  speed  profile. 
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(U)  To  demonstrate  curve  fit,  Fig.  4 presents  the  propagation  loss 

predicted  by  the  ARL:UT  normal  mode  model  superimposed  upon  actual 
received  SPL  data  as  a function  of  range  for  event  JEEO. 

(u)  In  the  third  step  the  received  SPL  data  is  correlated  to  a specific 

source- to- receiver  geometry  by  determining  the  CPA  of  each  ship  and 
calculating  the  source- to- receiver  range  at  the  point.  The  received  SPL 
data  at  CPA  can  then  be  corrected  by  the  theoretical  propagation  loss  for 
the  known  range  at  CPA,  the  known  receiver  depth,  and  the  estimated 
source  depth,  and  resulting  source  spectra  can  be  generated.  Since 
several  methods  are  available  for  determining  CPA,  this  step  is  examined 
in  some  detail  in  Appendix  F.  Also,  since  the  speed  of  advance  of  each 
ship  is  approximately  known,  the  actual  calculations  are  carried  out  1 h 
after  CPA  to  minimize  the  range  sensitivity  of  the  propagation  loss  curve. 

(u)  This  refinement  has  the  added  advantage  of  utilizing  the  ARL:UT 

normal  mode  model  in  a source- to- receiver  range  where  it  shows  very  good 
agreement  with  a Wavy  standardized  ray-trace  transmission  loss  model 

8 9 

(FACT)  and  a parabolic  equation  transmission  loss  model  (P.E.),  both 
of  which  are  described  along  with  the  ARL:UT  normal  mode  model  in 
Appendix  E. 

B.  Error  Analysis 

(u)  This  section  has  examined  a method  which  was  used  to  make  a 

preliminary  estimate  of  source  sound  pressure  levels  from  the  four  events 
included  in  the  appendices.  Since  there  are  several  possible  sources  of 
error  in  this  method,  an  error  analysis  is  included  here  to  serve  as  a basis 
for  comparing  these  results  with  results  from  previous  source  level  studies. 

(u)  The  possible  significant  errors  may  be  enumerated  as  (l)  measurement 

errors  in  raw  data  and  data  reduction,  (2)  range  errors  in  calculating 
transmission  loss,  and  (5)  errors  in  calculated  transmission  loss. 
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FIGURE  4 

SUPERIMPOSED  PROPAGATION  LOSS  AS  A FUNCTION  OF  RANGE  AT  25.0  H* 
FOR  A SOURCE  DEPTH  OF  6.0  m,  RECEIVER  DEPTH  OF  4853.0  m,  AND  A 
PACIFIC  SILT  BOTTOM  ONTO  RECEIVED  SPL  AS  A FUNCTION  OF  RANGE 
AT  26.6  Hi  FOR  A 4853.0  m HYDROPHONE  SHOWING  JEEO  AT  CPA  f 
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The  measurement  errors  associated  with  the  raw  data  and  the  data 
processing,  including  the  graphical  outputs,  have  been  kept  to  a 
minimum  through  use  of  extensive  calibration  procedures  throughout  the 
process.  These  procedures  will  not  be  examined  in  this  document; 
however,  an  estimate  of  ±1  dB  can  be  assigned  as  measurement  error  for 
the  reduced  CHURCH  OPAL  data. 

The  second  possible  significant  error  occurs  in  calculating  range 
from  source  to  receiver.  The  primary  limitation  here  is  the  accuracy 
with  which  the  ship  tracks  can  be  reconstructed.  The  ship's  reports 
supplied  by  FNWC  include  only  0.1°  resolution  or  a resolution  of  about 
6 im  cn  the  earth's  surface.  The  effect  of  this  error  in  calculating 
transmission  loss  has  been  minimized  by  utilizing  the  propagation  loss 
curve  in  a region  where  it  shows  minimum  range  sensitivity,  at  medium 
ranges  (greater  than  10  nm).  The  minimum  range  associated  with  CPA  ±1  h 
for  the  four  subject  events  is  16  nm.  An  error  of  6 nm  in  this  region  will 
result  in  only  a 3 dB  transmission  loss  error  (from  Pig.  4). 

The  third  possible  error  results  from  the  uncertainty  in 
calculating  a precise  propagation  loss  curve.  Although  extensive  analysis 
including  the  careful  use  of  a normal  mode  propagation  loss  model  has  been 
used  in  an  attempt  to  minimize  this  error.  Propagation  loss  uncertainty 
may  yet  be  the  largest  single  error  contributor.  Uncertainties  in 
subbottom  composition,  source  depths,  etc.,  have  made  the  selection 
of  normal  mode  parameters  difficult.  At  present  the  extremes  of  the  error 
may  be  estimated  from  Table  E-I  in  Appendix  E.  At  30  nm  the  FACT 
subbottom  type  1 (perfect  reflector  bottom)  model  yields  a propagation 
loss  of  95  dBj  whereas  the  FACT  subbottom  type  3 (perfect  absorber  bottom) 
yields  a propagation  loss  of  111  dB.  At  30  nm  the  loss  predicted  by  the 
ARL:UT  normal  mode  model  is  103  dB  or  ±8  dB  of  the  extremes  of  FACT. 

Since  the  bottom  is  presumably  neither  a perfect  reflector  nor  a perfect 
absorber,  the  normal  mode  prediction  is  very  reasonably  midway  between 
the  two  FACT  models.  Source  depth  sensitivity  will  require  additional 
future  study  but  may  be  nominally  set  at  approximately  1 dB/m  of  error 
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(U)  based  on  many  normal  mode  runs  at  differing  source  depths.  Thus,  for 
the  purpose  of  this  document,  a propagation  loss  curve  error  of  ±6  dB 
due  to  bottom  parameter  error  and  ±2  dB  due  to  source  depth  and  other 
errors  at  ranges  of  30  nm  is  not  unreasonable . The  total  error  due  to 
propagation  loss  curves  could  then  be  as  much  as  ±8  dB,  although  it  is 
probably  much  less. 

(u)  In  conclusion,  the  three  significant  errors  in  the  estimation  of 

source  levels  are  (l)  measurement,  ±1  dB,  (2)  range,  ±3  dB,  and 
(3)  transmission  loss,  ±8  dB. 
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IV.  SOURCE  LEVEL  RESULTS 

A.  Source  Spectrum  Level  Plots 

Results  of  source  spectrum  level  calculations  are  presented  in 
Figs.  5 through  8 for  the  four  merchant  vessels  discussed  in  this  paper. 

The  pertinent  data  related  to  each  event  are  summarized  in  Table  II. 

B.  Comparison  with  Previous  Results 

The  source  spectrum  level  plots  may  be  most  readily  compared  with 
the  results  obtained  by  Wittenborn.  Since  both  this  report  and  the  Wittenborn 
document  adjusted  the  entire  spectrum  by  a constant  value,  it  is  fair  > 
say  that  any  differences  between  the  two  are  primarily  the  result  of  difier- 
ences  in  transmission  loss  estimations.  The  broadband  level  at  25  Hz  in  the 
Wittenborn  report  for  JEEO  appears  near  160  dB/ZaPa/Hz1^2.  This  appears  to 
be  in  close  agreement  with  Fig.  5 where  the  same  line  appears  with  a peak 
at  approximately  1 65  dB/ZuFa/Hz1^2.  A similar  analysis  for  events  }EVR  and 
SDHT  yields  similar  broadband  levels  at  25  Hz.  For  event  PIRN,  the  ARL:UT 
results  appear  to  be  slightly  lower,  on  the  order  of  4 dB.  Thus,  the 
maximum  deviation  between  the  Wittenborn  document  and  this  document  for 
the  four  events  analyzed  is  +3  dB  and  -4  dB,  well  within  the  error  range 
of  these  calculations. 

As  stated  in  the  introduction  to  this  document,  the  estimated  source 

level  of  25  Hz  for  all  four  events  is  on  the  order  of  10  dB  higher  than  the 

2 

data  presented  by  Ross  and  Alvarez.  The  Ross  and  Alvarez  data  were  presented 
for  normalized  ships  152  r.i  (500  ft)  in  length  and  traveling  at  15  kt.  When 
the  data  presented  in  Figs;  5 through  8 are  corrected  by  the  normalization 
constants  given  by  Ross  and  Alvarez,  the  range  0^  deviation  is  from  a low 
of  +6  d3  for  event  JEVR  to  a high  of  +19  dE  for  event  SDHT.  However,  the 
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FIGURE  5 

ESTIMATED  (25  Hr)  SOURCE  SPL  FOR  EVENT  JEEO 
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FIGURE  7 

ESTIMATED  (25  Hi)  SOURCE  SPL  FOR  EVENT  PIRN 
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FIGURE  8 

ESTIMATED  (25  Hr)  SOURCE  SPL  FOR  EVENT  SDHT 
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(c)  TABLE  II 

SOURCE  LEVEL  DATA  FOR  A 25  Hz  LINE  (u) 


SHIP 

SOA 

CPA 

RANGE 

CPA  ±1  h 
RANGE 

PL 

CPA 

PL  CPA 
+1  h 

25  Hz 
SPL 

Estimated  25  Hz 
Source  SPL  at  1 yd 

(kt) 

(nm) 

(nm) 

<dB) 

(dB) 

(dB) 

(dB/ZpPa/Hz1^2) 

JEEO 

14.2 

2 

l4 

83 

97 

8l 

■ 186 

3EVR 

15.6 

7 

17 

91 

99 

66 

173 

PIRN 

lU.T 

10 

18 

96 

99 

60 

167 

SDHT 

18.3 

14 

19 

85 

100 

77 

185 

2k 
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(C)  Ross  and  Alvarez  data  were  collected  in  shallow  water  by  using  a 

semiempirical  propagation  loss  at  a single  frequency.  This  could  have 
the  effect  of  biasing  their  data  low  at  lower  frequencies  and  may  account 
for  the  rather  large  differences  at  25  Hz  between  their  data  and  the 
data  presented  here. 

(C)  Another  comparison  of  these  source  level  estimations  can  be  made  with 
more  recent  data  presented  in  a NAVOCEANO^  (1915)  report.  The  authors  of 
that  report  also  applied  the  Ross  and  Alvarez  normalization  to  three  merchant 
vessels,  the  SUN  PRINCE,  the  SCAP2WIND,  and  the  CAP  MATAGAN.  All  three- 
ships  were  freighters  traveling  at  similar  speeds  (9.8  to  14.6  kt)  and  were 
similar  in  length;  125  to  1?3  m (410  to  569  ft)*  From  their  data,  the 
estimated  source  levels  at  25  Hz  appear  to  be  slightly  higher  than  those 
obtained  by  Ross  and  Alvarez,  from  +1  dB  to  +10  dB.  This  would  place  the 
NAVOCEANO  results  within  approximately  5 dB  of  the  results  obtained  here. 

(C)  The  conclusions  from  these  observations  is  that  a3.1  the  recent  reports 
which  estiinated  source  spectrum  levels  have  shown  that  the  Ross  and  Alvarez 
estimations  of  1964  were  low  on  the  order  of  10  dB.  ARL:UT  has  additional 
evidence  that,  in  some  cases,  this  figure  could  be  as  much  as  20  dB  for 
event  SDHT  presented  in  the  appendices. 
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APPENDIX  A 

JEEO  (KANESHIZU  MARU) 


27 


(The  reverse  of  this  page  is  blank. 

UNCLASSIFIED 


) 


1.  Ship  Description 

Name:  KANESHIZU  MARU 

Call  Sign:  JEEO 

Type:  Bulk  Carrier  ( 1^.75  kt) 

Owner:  Chuo  Shintaku  Ginko  K.K. 

Builder:  Kanasashi  Zosensho  (1971) 

Dimensions:  Length  - 155*10  m (509  ft) 

Breadth  - 22.86  m (75  ft) 

Draught  - 9.23  m (30  ft) 

Displacement:  12272  tons  gross,  7091  tons  net,  18254-  tons  summer  dead  weight 

Machinery:  Oil,  2-stroke,  single  acting  7- cylinder  main  propulsion 

(91400  hhp)  3 each:  300  kW,  445  Vac  generators 

2.  Measurement  Data 

Time  of  CPA:  253/1300  (day/h) 

Range  at  CPA:  2 nm 

Speed  of  Advance:  14.2  kt 

Wind  Speed  (at  CPA):  8 kt 
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FIGURE  A -2 

JEEO  TIME  SERIES  HYDROPHONE  07  (4459  m)  (U) 

ARL  - UT 
AS  - 77  - 353 -P 
KRP  - DR 
4-26-77 
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1.  Ship  Description 

Name:  GREAT  SUCCESS,  ex  ASO  MARU 

Call  Sign:  3EVR 

Type:  W General  Cargo  (no  speed  data  available) 

Owner:  Great  Fortune  Navigation  Company  S.A. 

Builder:  Nishi  Nippon  Jukogyo  (1951) 

Dimensions:  Length  - 150,98  m (495  ft) 

Breadth  - 19.05  m (62  ft) 

Draught  - 8.4l4  m (28  ft) 

Displacement:  7522  tens  gross;  4i84  tons  net;  9951  tons  summer  dead  weight 

Machinery:  2 each:  Oil,  2-stroke,  single  acting  6-cylinder  (8400  bhp) 

3 each:  230  kW,  230  Vdc  generators 

2 . Measurement  Data 


Time  of  CFA:  250/1100  (day/h) 

Range  at  CPA:  7 nm 

Speed  of  Advance:  — JL5> .6  kt 

Wind  Speed  (at  CPA):  13  kt 
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Ship  Description 


Name : WONORAIO 


Call  Sign:  PIRN 

Type:  General  Cargo  (l6  kt) 

Owner:  Koninklijke  Neolloyd  B.V. 

Builder:  Howaldtswerke  Ham.  A.G. 

Dimensions:  Length  - 154.82  m (508  ft) 

Breadth  - 20,15  m (66  ft) 

Draught  - 8.25  m (27  ft) 

Displacement:  7512  tons  gross;  4l8l  tons  net;  19882  tons  summer  dead  weight 

Machinery:  Oil,  2-stroke ; single  acting  10-cylinder  main  propulsion 

(8250  bhp)  3 each:  200  kW,  200  Vdc  generators 

2.  Measurement  Data 

Time  of  CPA:  257/1800  (day/h) 

Range  at  CPA:  10  nm 

Speed  of  Advance:  =14.7  kt 
Wind  Speed  (at  CPA):  5 kt 
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1.  Ship  Description 

Name : ARAWAK 

Call  Sign:  SDHT 

Type:  General  Cargo  (19  kt) 

Flag:  Swedish 

Owner:  Rederiet  for  M.S.  "Aravak" 

Builder:  2 Eriksbergs  M/V  A/B  Got  (l 966) 

Dimensions:  Length  149*23  m (490  ft) 

Breadth  - 18.98  m (62  ft) 

Draught  - 8.514  m (28  ft) 

Displacement:  8023  tons  gross j 4291  tons  net;  8230  tons  summer  dead  weight 

Machinery:  Oil,  2- stroke,  single  acting  8-cylinder  main  propulsion 

(10000  bhp)  4 each:  395  kW,  440  Vac  generators 

2.  Measurement  Data: 

Time  of  CPA:  258/HOO  (day/h) 

Range  at  CPA:  =4  nm 
Speed  of  Advance:  18.3  kt 

Wind  Speed  (at  CPA):  5 kt 
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Of  critical  importance  in  the  computation  of  source  spectra  for  the 
events  presented  in  this  paper  is  the  selection  of  a propagation  (or 
transmission)  loss  model  which  can  yield  accurate  predictions  of 
propagation  loss  as  a function  of  range  geometry  and  f requency . 

The  ARL:10T  normal  mode  model  that  was  selected  consists  of  two 
basic  application  programs . The  first  program  computes  a set  of  normal 
modes,  eigenvalues,  and  group  velocities  based  on  the  specified 
parameters.  The  second  program  computes  propagation  loss  and  constructs 
graphical  output  of  the  sort  shown  in  Fig.  4.  In  this  drawing,  the 
horizontal  scale  is  5 nm  per  major  tick  mark  and  the  vertical  scale  is 
10  cLB  per  major  tick.  Since  a major  narrowband  line  appears  near  25  Hz 
in  all  four  of  the  ship. signatures  (presented  in  appendices  A through  D), 
that  frequency  was  selected  for  calculating  transmission  loss.  In  the 
case  of  Fig.  4,  a source  depth  of  6 m was  selected  as  being  typical  of 
the  merchant  vessels  whose  signatures  appear  in  the  appendices.  The 
receiver  depth  selected  in  Fig.  4 corresponds  to  hydrophone  13  in  the 
CHURCH  OPAL  ACODAC  configuration,  or  4853  m below  the  ocean  surface. 

Some  of  the  CHURCH  OPAL  data  indicates  that  surface  mirror  effects  may  also 
be  present  because  of  the  shallow  source  depths.  This  surface  imaging  could 
be  of  significant  value  in  reconstructing  source  depth  information  for  each 
event , 

One  of  the  parameters  which  must  be  specified  when  the  ARL:UT 
normal  mode  model  is  used  is  the  subbottom  composition.  Since  no 
direct  measurements  of  bottom  loss  were  made  during  the  CHURCH  OPAL  exer- 
cise and  no  cores  were  taken,  the  bottom  loss  characteristics  were 
determined  experiment  ally  by  fitting  the  received  data  structure  with 
the  theoretical  propagation  loss  structure  and  adjusting  the  bottom 
parameters  to  obtain  the  closest  fit  between  the  two  curves.  This 
process  is  outlined  in  the  following  paragraph. 

It  may  be  recalled  from  section  II  that  time  series  plots  were  used 
to  view  the  continuous  cavitation  spectrum  for  each  of  four  events, 
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(u)  TABLE  E-I 

TRANSMISSION  LOSS  PREDICTIONS: 
ARL:UT  NORMAL  MODE  MODEL  VERSUS  FACT 

Transmission  Loss  at  25  Hz  (dB) 


Ranee 

(nm) 


20 

25 

30 

35  _ 

40 

FACT1 

92 

94 

95 

96 

97 

FACT2 

96 

98 

96.5 

99 

100 

ARL:UT 
Normal  Mode 

100 

101.5 

103 

104 

106 

FACT5 

no 

no 

m 

no 

no 

Note:  1.  Indicates  Subbottom  Composition  Type  1 (perfect  reflector) 

2.  Indicates  S.C,  Type  2 (50^  reflector) 
t>.  Indicates  S.C.  Type  3 (perfect  absorber) 
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(u)  To  view  the  received  sound  pressure  level  as  a function  of  range,  the 
data  for  selected  bands  were  re plotted,  as  in  Fig.  4.  The  26.6  Hz 
band  for  event  JEEO,  hydrophone  13,  was  re plotted  as  a function  of 
range,  in  this  case  5 nm  per  major  tick  mark  to  match  the  horizontal 
scale  of  the  propagation  loss  curve.  The  data  are  obviously  folded 
about  CPA  corresponding  to  decreasing  range  before  CPA  and  increasing 
range  after  CPA.  The  S/N  of  the  received  signal  as  a function  of 
range  is  also  plotted  in  Fig.  4-  to  aid  in  Interpreting  the  data  which 
may  be  questionable  (less  than  3 d£  S/N).  The  results  of  Fi6*  4 
represent  the  best  curve  fit  obtained  using  this  graphical,  method  for 
determining  subbottcsn  composition. 

(u)  As  previously  noted,  one  of  the  advantages  of  using  the  AKL:UT 
normal  mode  model  to  predict  transmission  loss  at  ranges  greater  than 
10  nm,  at  25  Hz,  is  that  it  compares  very  well  with  both  the  Fast 

Q 

Asymptotic  Coherent  Transmission  (FACT)  model  and  the  Parabolic 
Equation  (P.E.)  model^  currently  being  used  at  ARL:UT.  The  FACT  model 
is  a Navy  interim  ray-acoustics  model  designed  for  the  computation  of 
transmission  loss  as  a function  of  range  and  frequency  for  specific 
source- receiver  geometries,  P.E.  is  a wave- acoustics  model  designed 
for  computation  of  transmission  loss  as  a function  of  range  and  depth 
at  low  frequencies.  Table  E-I  is  a summary  of  the  transmission  losses 
predicted  by  FACT  and  the  ARL:UI  normal  mode  model  as  a function  of 
range  for  a source  depth  of  6 m and  a receiver  depth  of  4853  ® (hydro- 
phone 13).  Two  extremes  of  bottom  types  were  used  in  the  FACT  predictions 
in  order  to  isolate  a bracket  in  which  reasonable  transmission  losses 
might  occur.  As  expected,  the  normal  mode  model  prediction  and  the 
"average  bottom"  FACT  predictions  fell  well  within  the  boundaries. 
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(U)  One  point  of  reference  available  in  the  ship-track  data,  for  eventB 
of  opportunity,  is  the  closest  point  of  approach  (CPA) . Several  methods 
are  available  which  will  extract  the  CPA  time  and  range  information. 
These  methods  are  (l)  to  examine  the  time  series  plots  and  look  for 
maximum  received  SPL,  (2)  to  use  the  known  ACQDAC  location  and  the 
recovered  ship  track  information  for  an  analytic  CPA  determination,  and 
(3)  to  use  the  Doppler  shift  information  in  the  received  signals  to 
determine  CPA. 

(u)  For  the  purpose  of  this  document  an  approximate  geometric  method 

of  determining  CPA  location  and  horizontal  range  from  the  receiver  was 
devised  as  follows.  Using  the  slope- intercept  equation  for  a straight 
line  in  a latitude- longitude  coordinate  system 

Q = a + bcp 

and  given  at  least  two  navigation  fixes  near  CPA,  the  constants  a and  b 
can  be  determined.  An  equation  for  CPA  can  then  be  derived  using  these 
two  constants, 

cd  + Q ta  - ab 
o o 

9-,  = 2 * 

x b + 1 

91  = a + bq?1  , 

•where  m .6  is  the  receiver  Donation  and  CD.  . Q.  . is  the  CPA  Dosition 
'O'  'O  ' Xs  1'  - 

(see  Fig.  F-l).  Once  CPA  location  is  known,  the  horizontal  range  at  CPA 
can  be  calculated  using  spherical  equations, 


9 - cob 


'■^cos  9^  cos  q>2  cos (0-^-02)  + sin  9q  sin  9gJ  ’ 


where 


ijc  s angle  between  two  points  on  a sphere, 
cp  s latitude, 

0 s longitude, 
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HYDROPHONE  STRING 


FIGURE  F-l 

HORIZONTAL  RANGE  GEOMETRY  FOR  SHIP 
TRACK  CPA  TO  HYDROPHONE  STRING 


82 

UNCLASSIFIED 


ARL  - UT 
AS- 77- 390 
KRP  - DR 
5-3-77 


■» 


UNCLASSIFIED 


*%  f'4j*VsiF  ^ % m mmi*  *>s£fr««0i 


REFERENCES 


1,  A.  F.  Wittenborn,  "Ambient  Noise  and  Associated  Propagation  Factors 
as  a Function  of  Depth  and  Wind  Speed  in  the  Deep  Ocean"  (U), 
preliminary  report  prepared  for  LRAPP,  NORDA,  April  19?6, 

2.  D.  Ross  and  F.  F.  Alvarez,  "Radiated  Underwater  Noise  of  Surface 
Ships,"  USN(JUA)  Vol.  l4,  No.  2,  April  1961+. 

3 "A  Pilot  Study  for  Underwater  Radiated  Noise  Measurements  of  Merchant 
Ships  from  Aircraft."  Acoustical  Oceanography  Division,  Naval 
Oceanographic  Office,  December  1975. 

4.  J.  C.  Heine  and  L.  M.  Gray,  "A  Narrowband  Source  Model  for  Merchant 
Ships"  (u),  Bolt,  Beranek,  and  Newman,  Inc.,  Report  No.  50,  August 
1976  (to  be  published  in  JUA/USN).  (CONFIDENTIAL) 

5.  R.  J.  Urick,  Principles  of  Underwater  Sound  (McGraw  Hill  Book  Co., 

Inc.,  New  York , "'19771! 

A.J.  Perron* 

6.  A "Ambient  Noise  Spectrum  Level  as  a Function  of  Water  Depth,  J.  Acoust. 

Soc.  Am.  48,  362-370  (1970). 

7.  J.  C.  Heine  and  L.  M.  Gray,  "Some  Characteristics  of  Surveillance 
System  Noise  Due  to  Merchant  Shipping"  j),  Bolt,  Beranek,  and 
Newman,  Inc.  (to  be  published  in  JU;  oN ) . (CONFIDENTIAL) 

8.  C.  W.  Spofford,  "The  Fact  Model,"  Vol.  I,  Acoustic  Environmental 
Support  Detachment,  Office  of  Naval  Research,  November  1974. 

9.  H.  K.  Brock,  "The  AESD  Parabolic  Equation  Model,"  Acoustic  Environ- 
mental Support  Detachment,  Office  of  Naval  Research,  December  1975. 

10.  K.  R.  Osborne  and  L.  T.  Ballard,  "CHURCH  OPAL  Data  Extraction  Format 
Description,"  Ocean  Data  Systems,  Inc.,  (October  1975). 

11.  V.  M.  Albers,  Underwater  Acoustics  Handbook  II,  Pennsylvania  State 
University  Press,  19 65. 


87 

(The  reverse  of  this  page  is  blank.) 

UNCLASSIFIED 


-..  ..-  -,-. ---  - -.t"  =v  -’  ^ 

CONFIDENTIAL 

(This  page  is  UNCLASSIFIED. ) 


DISTRIBUTION  LIST  FOR 
ARL-TR-77-47 

UNDER  CONTRACT  N0003.4-75-C-0429 
CONFIDENTIAL  - GDS,  19&L 


18  August  1977 


Copy  No, 
1 


2 

3 

4 

5 

6 

7 

8 

9 


10  - ll 


12 


13  - 14 


15 

16 


Assistant  Director  of  the  Navy  (RE8eS) 
Washington,  DC  20301 
Attn:  G.  A.  Cann 

Chief  of  Naval  Operations 
Department  of  the  Navy 
Washington,  DC  20350 
Attn:  OP-095 
OP-951 
OP-955 
OP-094 
OP-096 
0P-02 
0P-03 

Chief  of  Naval  Development 
Headquarters,  Naval  Material  Command 
Washington,  DC  20360 
Attn:  MAT-035 

Commander 

Naval  Air  Development  Center 
Warminster,  PA  18974 

Commander  in  Chief 
U.S.  Atlantic  Fleet 
Norfolk,  VA  235H 

Commander 

Oceanographic  Systems,  Atlantic 
Box  100 

Nor fold,  VA  23511 

Chief  of  Naval  Research 
Department  of  the  Navy 
Arlington,  VA  22217 
Attn:  Chief 

Dr.  J.  B.  Hersey 


CONFIDENTIAL 


_ oS’LliJ  nlih'*it  .-flinvr:  a 


CONFIDENTIAL 

(This  page  is  UNCLASSIFIED.  ) 


Copy  No. 

IT 

18 

19 

20 

Commanding  Officer 

Naval  Research  Laboratory 

Washington,  DC  20375 

Attn:  Commanding  Officer 

Code  8100 

Code  8160 

Code  2627 

21 

Oceanographer  of  the  Navy 
Hoffman  Building  II 
200  Stovall  Street 
Alexandria,  VA  22332 
Attn:  CDR  E.  T.  Young 

22 

Commander 

Naval  Air  Systems  Command 
Department  of  the  Navy 
Washington,  DC  20360 
Attn:  Code  PMA-264 

2}  - 26 

27 

28 

Commander 

Naval  Electronic  Systems  Command 
Department  of  the  Navy 
Washington,  DC  20360 
Attn:  PME-124,  124/30,  124/40,  124/60 

ELEX-320 
ELEX-035 

29 

30 

Commander 

Naval  Sea  Systems  Command 
Department  of  the  Navy 
Washington,  DC  20362 
Attn:  Commander 

SEA-06H1 

33 

Commander  in  Chief,  Pacific  Fleet 
P.  0.  Box  3 

Pearl  Harbor,  Havaii  96360 
Attn:  CDR  J.  T.  Hankins 

32 

Commander,  Third  Fleet 
Pearl  Harbor,  Havaii  96869 
Attn:  CAPT  P.  A.  Veatch 

33 

Commander,  Submarine  Forces 
U. S.  Pacific  Fleet 
Pearl  Harbor,  Hawaii  96860 
Attn:  Dr.  T.  Curry 

CONFIDENTIAL 


CONFIDENTIAL 

(This  page  is  UNCLASSIFIED. ) 


Commander 

Oceanographic  Systems,  Pacific 
Box  1390 

Pearl  Harbor,  Hawaii  96860 
Commander 

Naval  Ocean  Systems  Center 
San  Diego,  CA  92132 
Attn:  Commander 

M.  R.  Akers 
Dr.  R.  A.  Wagstaff 
Dr.  E.  B.  Tunstall 
Dr.  R.  R.  Gardner 

Commander 

Naval  Surface  Weapons  Center 
White  Oak  Laboratory 
Silver  Spring,  MD  20910 


■4 


1 

I 


J 


Commander 

New  London  Laboratory 

Naval  Underwater  Systems  Center 

New  London,  CT  06320 

Attn:  Commander 

R.  L.  Martin 

Commander 

Naval  Oceanographic  Office 
Department  of  the  Navy 
Washington,  DC  20373 
Attn:  Commander 

J,  L.  Kerling 


Commanding  Officer 

«t i 1 4 n.. — a. 

nttVttJL  OLlppUX  o UCllOCl 

4301  Suitland  Rd. 

Washington,  DC  20390 

Director  for  Naval  Matters 
Center  for  Naval  Analysis 
Arlington,  VA  22209 
Attn:  Director 

C.  E.  Woods 


I 


a 

3 


CONFIDENTIAL 


Copy  No. 


50 

51 

52 

53 

5k 

55 

56 

57 

58  - 60 


61  - 62 


63 


6k 

65 

66 


67  - 68 


65 


70 


Commanding  Officer 

Naval  Ocean  Research  and  Development  Activity 
NSTL  Station  MS  39529 
Attn:  Commanding  Officer 

Code  110 
Code  200 
Code  300 
Code  320 
Code  3U0 
Code  kOO 


Code  500 
Code  600 


NORDA  Liaison  Office 
Office  of  Naval  Research 
Arlington,  VA  22217 
Attn:  K.  W.  Lackie 

Defense  Advanced  Research  Projects  Agency 
l400  Wilson  Boulevard 
Arlington,  VA  22209 
Attn:  CAPT  H.  Cox 

ARPA  Research  Center 
Unit  1,  Bldg,  301A 
NAS  Moffett  Field,  CA  9^035 
Attn:  E.  L.  Smith 

Dr.  1.  Kooij 

Superintendent 

Naval  Postgraduate  School 

Monterey,  CA  9)9kO 

Strategic  Systems  Project  Office 
Department  of  the  Navy 
Washington,  DC  20360 
Attn:  PM-1 

Antisubmarine  Warfare  Systems  Project  Office 
Department  of  the  Navy 
Washington,  DC  20360 
Attn:  FM-i 


Commanding  Officer 

Fleet  Numerical  Weather  Central 

Monterey,  CA  93 9^0 

Commanding  Officer 
Fleet  Weather  Central 
Box  113 

Pearl  Harbor,  HI  $6860 


CONFIDENTIAL 


i.  ! 


CONFIDENTIAL 

(This  page  is  UNCLASSIFIED.  ) 


Copy  No, 

n 


72 


73 


jk 


75 

76 

77 


78 


79 


80 


81 


Commanding  Officer  and  Director 
Defense  Documentation  Center 
Defense  Services  Administration 
Cameron  Station,  Building  5 
5010  Duke  Street 
Alexandria,  VA  2231^ 

Analysis  & Technology,  Inc. 
Technology  Park,  P.  0.  Box  220 
North  Stonlngton,  CR  03659 
Attn:  S.  Elam 

Applied  Physics  Laboratory 
The  Johns  Hopkins  Road 
Laurel,  MD  20810 
Attn:  Dr.  G.  L.  Smith 

Applied  Physics  Laboratory 
The  University  of  Washington 
1013  NE  Fortieth  Street 
Seattle,  WA  98195 

Arthur  D.  Little,  Inc. 

Acorn  Park 
Cambridge,  MA  02140 
Attn:  W.  G.  Sykes 

Dr.  G.  R.  RaiBbeck 

Bolt,  Beranek,  and  Nevraan,  Inc. 
1701  N.  Fort  Myer  Drive 
Arlington,  VA  22209 

Bell  Telephone  Laboratories 
2 Whippany  Road 
Whippany,  NJ  07981 

B-K  Dynamics,  Inc. 

15825  Shady  Grove  Road 
Rockville,  MD  20850 
Attn:  P.  G.  Bernard 


Daniel  Analytical  Services  Corp. 
16821  Buccaneer  Lane,  Suite  202 
Houston,  TX  77058 


Daniel  H.  Wagner  Associates,  Inc, 
Station  Square  One 
Paoli,  PA  19301 


CONFIDENTIAL 


CONFIDENTIAL 

(This  page  is  UNCLASSIFIED. ) 


Copy  No. 

82  Daub In  Systems  Corporation 
104  Cr sind  on  Blvd. 

Key  Biscayne,  FL  33149 

83  General  Electric  Corporation 
P.  0.  Box  1+840 

Syracuse,  NY  13221 
Attn:  K.  D.  Greenhalgh 

84  General  Electric  Corporation 
RESD 

3189  Chestnut  Street 
P.  0.  Box  7722 
Philadelphia,  PA  19101 
Attn:  0.  KLima 

85  Lockheed  Missiles  and  Space  Company,  Inc. 

P.  O.  Box  504 

Sunnyvale,  CA  94088 
Attn:  R.  C.  Parsons 

86  Security  Office  Q-G17 
University  of  California  - San  Diego 
La  Jolla,  CA  92093 

Attn:  V.  C.  Anderson 

Scripps  Inst,  of  Oceanography 

87  ORI,  Inc . 

1400  Spring  Street 
Silver  Spring,  MD  20910 
Attn:  Dr.  J.  I.  Bowen 

88  Planning  Systems,  Inc. 

7900  Westpsrk  Drive 
McLean,  VA  22101 

Attn:  Dr.  L.  P.  Solomon 

89  Raytheon  Company 

Submarine  Siganl  Division 
P. 0.  Box  36O 
Partsmouth,  RI  02871 
Attn:  Dr.  B.  A.  Backen 

90  Science  Applications,  Inc. 

8400  Westpark  Drive 
McLean,  VA  22101 

Attn:  Dr.  J.  S.  Hanna 


CONFIDENTIAL 


CONFIDENTIAL 

(This  page  Is  UNCLASSIFIED. ) 


Copy  No. 
91 

Summit  Research  Corporation 
1 West  Deer  Park  Drive 
Gaithersburg,  MD  20760 

92 

Sutron  Corpoation 
Suite  TOO 

1925  N.  Lynn  Street 
Arlington,  VA  22209 
Attn:  C.  H.  Dabney 

93 

Tetra-Tech,  Inc. 

1911  N.  Ft.  Neyer  Drive 
Arlington,  VA  22209 
Attn:  W.  E.  Sims 

94 

Texas  Instruments,  Inc. 
P.  0.  Box  5I+74 
Dallas,  TX  75222 
Attn:  A.  Kirst,  Jr. 

95 

96 

Tracor,  Inc. 

1601  Research  Blvd. 
Rockville,  MD  20850 
Attn:  J.  T.  Gottwald 

A.  F.  Wittenborn 

97 

98 

TRW,  Inc. 

TRW  Defense  & Space  Systems  Group 
Washington,  Operation 
7600  Colshire  Drive 
McLean,  VA  22101 
Attn;  R,  T.  Brown 

I.  B.  Gereben 

99 

Undersea  Research  Corporation 
7777  Leesburg  Pike,  Suite  }06 
Falls  Church,  VA  22042 
Attn:  V.  F.  Anderson 

100 

Underwater  Systems,  Inc. 
World  Building 
8121  Georgia, Avenue 
Silver  Spring,  MD  20910 
Attn:  Dr,  M.  S.  Weinstein 

101 

Western  Electric  Company 
P.  0.  Box  20046 
Greensboro,  NC  27420 

CONFIDENTIAL 


CONFIDENTIAL 

(This  page  is  UNCLASSIFIED. ) 


Copy  No. 

102  Westinghouse  Electric  Co. 

P.  0.  Box  1488 

Mail  Stop  9R  0 
Annapolis,  MD  21404 

103  Woods  Hole  Oceanographic  Institution 
Woods  Hole,  MA  02543 

Attn:  E,  E,  Hays 

104  Xonics,  Inc. 

6849  Hayvenhurst  Avenue 
Van  Nuys,  CA  91406 
Attn:  S.  Kulek 

105  Palisades  Geophysical  Institute,  Inc. 

131  Erie  Street 

P.  0.  Box  396 
Blauvelt , NY  10913 

106  Glen  E.  Ellis,  ARL:UT 

107  Loyd  D.  Hampton,  AKL:UT 

108  Kenneth  E.  Hawker,  ARL:UT 

109  Stephen  K.  Mitchell,  ARL:UT 

110  K.  Russell  Peterman,  ARL;TJT 

111  Jack  A.  Shooter,  ARL:UT 


112 

113 

114 
115  - 126 


Reuben  H.  Wallace,  ARL:tFT 
Steven  L.  Watkins,  ARL:UT 
Library,  ARL:UT 
Reserve,  ARL:OT 


CONFIDENTIAL 

(This  page  If  undafflfled) 


DEPARTMENT  OF  THE  NAVY 
OFFICE  OF  NAVAL  RESEARCH 

800  NORTH  QUINCY  STREET  - . 

ARLINGTON.  VA  22217-5660“  - IN  REPLY  REFER  TO 

5510/1 
Ser  43/885 
03  Dec  03 


MEMORANDUM  FOR  DISTRIBUTION  LIST 

Subj : DECLASSIFICATION  OF  CHURCH  OPAL  DOCUMENTS 

Ref:  (a)  SECNAVINST  5510.36 

Enel:  (1)  Partial  List  of  CHURCH  OPAL  Documents 

1.  In  accordance  with  reference  (a),  a declassification  review  has  been  conducted  on  a 
number  of  classified  CHURCH  OPAL  documents. 

2.  The  CHURCH  OPAL  documents  listed  in  Part.!  of  enclosure  (1)  have  been 
downgraded  to  UNCLASSIFIED  and  have  beep'  approved  for  public  release.  These 
documents  should  be  remarked  as  follows: 

Classification  changed  to  UNCLASSIFIED  by  authority  of  the  Chief  of  Naval 
Operations  (N774)  letter  N774D/3U630173,  1 1 September  2003. 

DISTRIBUTION  STATEMENT  A:  Approved  for  Public  Release;  Distribution  is 

unlimited. 


3.  If  other  CHURCH  OPAL  documents  are  located  in  your  repositories,  their  markings 
should  be  changed  and  a copy  of  the  title  page  and  a notation  of  how  many  pages  the 
documents  contained  should  be  provided  to  Chief  of  Naval  Research  (ONR  43)  800  N. 
Quincy  Street,  Arlington,  VA  22217-5660.  This  will  enable  me  to  maintain  a master  list 
of  downgraded/declassified  CHURCH  OPAL  reports. 

4.  Questions  may  be  directed  to  the  undersigned  on  (703)  696-4619,  DSN  426-4619. 


PEGGY  LAMBERT 
By  direction 


DISTRIBUTION  LIST: 
See  page  2 


Subj : DECLASSIFICATION  OF  CHURCH  OPAL  DOCUMENTS 


DISTRIBUTION  LIST: 

NAVOCEANO  (Code  N121LC  - Jaime  Ratliff) 

NRL  Washington  (Code  5596.3  - Mary  Templeman) 

PEO  LMW  Det  San  Diego  (PMS  181-1)  (LTJO  Ken  Larson,  USN) 
DTIC-OCQ  (Larry  Downing) 

ARL,  U of  Texas  (David  Knobles) 

BlueSea  Corporation  (Roy  Gaul) 

ONR  32B  (CAPT  Houtman) 

ONR  321  (Dr.  Livingston) 

ONR  03  B (Mr.  Lackie) 


Part  2 — Docs  That  Need  to  be  Located 


Title:  CHURCH  OPAL  EXERCISE:  ACOUSTIC  MEASUREMENTS  FROM  A BOTTOM-MOUNTED 
ARRAY 

Classification:  CONFIDENTIAL  [?] 

Author:  Tomei,  J 
Originator:  NORDA 
Ref.  No.:  unknown 
Date:  1977 

Available  at  MC/NAVOCEANO  (??) 


Title:  LONG  RANGE  ACOUSTIC  PROPAGATION  PROJECT  DATA  BANK  PROCEDURES  WORKING 
GROUP  REPORT 
Classification:  CONFIDENTIAL  [?] 

Author:  unknown 
Originator:  Xonics,  Inc 
Ref.  No.:  unknown 
Date:  1978 

Title:  NORTHEAST  PACIFIC  REGIONAL  ASSESSMENT 
Classification:  SECRET  (?) 

Author:  Hess,  JA 

Originator:  Undersea  Research  Co 

Ref.  No.  Voll:  URC  control  no  393-77-S  [or  590-3-77]; 

Vol  2:  URC  control  no  588-8-77  Date:  1978 

Title:  UNIT  INVESTIGATOR'S  REPORT,  M/V  AMERICAN  DELTA  II  OPERATIONS,  CHURCH  OPAL 
EXERCISE 

Classification:  unknown 
Author:  unknown 
Originator:  Xonics,  Inc 

Ref.  No.  Xonics  TR-104-OSO 
Date:  1978 


Part  3 - Available  Declassified  and  Unclassified  Docs 


Title:  MERCHANT  SHIPS  SIGNATURES,  18  August  1977  - Shooter,  JA;  ARL  TR-77-47 
Classification:  Originally  CONFIDENTIAL,  Declassified  21  September  1991 
DTIC  No.:  ADC  014  132 

Available  at  NRL  (535714)  and  ARL:UT  (??)  and  MC/NAVOCEANO  (??) 

Title:  CHURCH  OPAL  EXERCISE,  ACODAC  MEASUREMENTS,  AMBIENT  NOISE  AND 
ASSOCIATED  PROPAGATION  FACTORS  AS  A FUNCTION  OF  DEPTH  AND  ....,  1 April  1976 
DTIC  No.:  ADC  006  902 
Available  at  NRL  (521702)  and  ARL:UT  (62102) 


